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NAXIMM SUPERCOOLING IN LIQUID 3He-4He MIXTURES NEAR THE TRICRITICAL POINT*

Dlpen N. SINHA

Rockull If!ternatlonal,Anaheim, CA 92803, U.S.A.

J-s K. HWFER

Los Alamos National Laboratn~, Los Alamos, NM 87545, U.S.A.

Meaauremarts of supercooling in liquid 3He-4He rnixtu~s near the tricritical point are presen”<d.
The reduced temperature range 0.001 < E E (1 - T/Tt) < 0.01 was investigated for three different
rates of cooling using a p~ssure-quench technique. Fore ~ 0.012, the maximum supercooling was
found to be a functicn of the cooling rate, Cmnparisons with data in organic binary mixtures are
given.

1. INTRODUCTION
lie halve made quan:itatibe nwsasurements of the

nmxlnnm su rcooling6Tm in the superfluid phase
Fof liquid He-% ❑ixtums at three different

quench rates in the vicinity of the tricritical
point Tt. A pressure quench technlquu (1) was
used to produce supercooling in the mixture and
the sudtin attenuation in the intensity of a
transmitted laser Mem through the mixture was
used to determine the cloud-point, which marks
the limit of supercooling6Tm. Employing a
similar t~chniqua, Al?@rfIet al. (2] recently
found that as the tricritical oint is ap-

!preached, i.e., asc = (1-T/T + O, the nonnal-
izedmeximum supercooling61 AT tends to di-
verge. !Jlie use the defin t40ns5Tfl S “r - T
andATE it-T
p?lase separatio!sk$~tk RJ$7’!fW!ks-
tired cloud-point temperature, Suc behavior of
:upw-cooling near the critfcal point has been
~bservcd for organic binary %~xtures (3], but
Alpern et al, showed the dive c co f 6T#l to
Mmuchstmng@r intMcasofi~ti-~K. They
alrm poihted out the~ thfs fofitureof stron er

!divmgence of th, supercooling near Tt cnul bs
d peculiarity of tricritfcal systems, In this
papa-, we show that the degree of divergence of
LTm#iT csc +0 is a functfon of tho quench rate,

tq ratt of cooling; and {f one compares
~~’~th- He data with thoa~ of organic mixtu~es
foroqufvaltnt quench rates, then nomea~inqful
discrepancy is observed,

‘e a’‘0 ‘Y” ‘i”ersimilarit~es in the results betwaen He- He and
other studiel in organic binary mixtures (41,

The divergence of supcvcoolinq as c +0 cJn IU
explained in tcnns nf critical s:owing-dowu cf
dtffusion processes (5,6). The @xperfmcnt311y
detmnlnedc loud-point indi~ates the st~ge of

phase-separationwhen the evolving minority-
phase clusters or droplets have grown large
enough to bagin to scatter light strongly. Con-
sequently, the cloud-point phencmena always lag
in time behind the actual onset of homogeneous
nucleation, Because of critical slowing down,
this time-lag gets progressively larger as one
approaches the critical point, Coupled with the
finite quench rates usrd in actual ●xperiments,
this appeers to indicate additional supercooling,

2. EXPERIMENTAL
The supercooling of the liquid 3He-%e mix- ‘

ture in the metastable region of the miscibility
gap below the tricritical point wes produced us-
ing a pressure quo ch technique (1). Pressuri-

1zation of the 3H0- He mixture nside the sample
1cell das accomplished by pure He actuating two

horizontal bellows moving towa:d each other. A
germanium resistance thcnncxnetermonitored the
temperature T and an in-situ c pacitive trans-

!ducer with a rmolution of 10- atmmmnitored
the MSSUM P of the mfxture. The intonsi

[ Y
10

of t e transmitted He-No laser beam, attenua ed
to approximately 0,1 mH before enterin the

!cell, was measured using a sensitive p otodi-
ode. Dlffarant pressure quench ratis were made
possible by using several parallel and indopond-
ontly selectable fixed impodancos In tho pMs-
sure releaso Iino of tho prossurizatfon bel!ows
outside the cryostat, Fig, 1 shows a typical
pressure quench history. The cloud-point is
indicated by the point where 1 suddenly
starts to decrease. ?The actua supercooling
6Tm was evaluated from the pressure at tha
cloud-point and the well-known pressure depend.,
ence of the tricritical point (1,2).

●Hork supported in part by the U, S, Department.of Energy.
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Ffgure 1. Time dependence of the pressure,
temperature, and foward transmission intensity
duringa pressure-ind ced quench into the

!miscibility gap of a He-% liquid mixture.

3. RESULTS AND DISCUSSION
lienow discuss the results of our experiment

to detefnsinethe homogeneous nucleation limit to
supercooling.Three different rates of super-
cooling were used: 67, 27, and “2mK/s. These
am the average values of the cooling rates, de-
termined from the pressure quench data, at the
moment the light intensity 10 begins to drop
(see Fig. 1). All the measurements were made in
the superfluid phase of the mixture. Fig. 2
shws the reduced supercooling6Tm~T as a
function ofc on a log-log plot for the three
different uench rates, The long-dashed line Is

?the data o Ref. 4 for a quench rate of 30mK/s
in a lutidene-watermixture. The short-dashed
line represents the data of Ref. 3 for lutidene-
water using effective quench rates of less than

r.
~&K$~se of!He.~He mixtures from Ref.2 for

The ott d line represents data in the

quench rates greater than 150mK/s. For values
ofc < 0.012, the dependence on quench rate is
obvious, All data can be fairly well represent.-
ed by straight lines. Atc > 0.012, the quench
rate de endenceof the supercoolinggradually

[diminisesand the6T AT data become consis-
ttent with the pradict on from classical nuclea-

tion theory (dot-dashedline). Similar behavior
was observed by Strey et al. (4) in lutidene-
water for three different quench rates used in
thoiroxperi~nts (see Fig, 8 of Ref. 4), Con-
sidering the difftring experimental techniques
used (pre~surequench vs. temperature quench)
and the disparate therntodynamicproperties of
the twc systems, no meaningful inconsistency can
be inferred from data in organic mixtures fn
comparison to ither our data or those of Bends

!et al, in 3He- He, i.e., there i no unreason-
!ably stronger divergence In the He-4He super-

cooling data asc + O. However, the effects of
the particular experimental techniques used,
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Figure 2. Relative supercooling vs ~’educed
temperature for three cliffren cooling rates in
th~ superfluid phase of a !He-~He mixture of
tricritical composition.

such as pressure quench vs temperature quench,
in determinifigthe cloud-point, have not been
adequately studied. Therefore, we do not feel
that there is sufficient evidence to suggest
that the divergence o su ercooling near the

$!tricrftical point in He- He is substantially
different ‘rem that in oryanic mixtures near
their crit,ral poi ts.

!
In conclusion, we have

shown that in 3He- MC mixtures, the anomolous
maximum super-cooli~~gfs largely an artifact of
the ftnlte rates of cooling inherent to the
●xpwimental methods that have been utilized.
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